Background: The Eurobarometer 2010 report on antimicrobial resistance included a survey on the knowledge of Europeans about antibiotics. Austria was ranked at the bottom of the EU27 countries. Based on these alarming results, it was the aim of this study to analyse demographic characteristics of patients and general practitioners in Austria to assess possible predictors for this outcome as well as to assess the main source of information related to antibiotics. Methods: This cross-sectional study was conducted within the context of the European APRES project. An additional 12-item questionnaire was developed asking for the knowledge about antibiotics, demographic data and the source of information. Statistical analyses included subgroup analyses and linear mixed regression models. Results: Overall, 3280 questionnaires were analysed. On average, 2.78 (standard deviation 1.69) out of the six knowledge questions were answered correctly. The main predictors for a low knowledge score were low educational level, age, speaking another language than German and male sex. In all, 55.6% of the participants marked the general practitioner as main source of information. However, the source was less important for the knowledge score than their highest educational level. Conclusion: The Eurobarometer report result for Austrians could be confirmed and important associations and predictors could be identified: a multifaceted and evidence informed strategy is needed to improve the situation, which should both focus on target-group-specific interventions at the individual level to increase the knowledge of people with the highest needs as well as on strengthening the primary health care and educational sector at the system level.
Introduction
T he knowledge about the drugs prescribed is an important basis for patients to take responsibility for their health. 1 However, to make informed decisions about treatment requires the understanding and knowledge of key factors relevant to the risks, benefits and effectiveness of the therapy. 2, 3 Medication knowledge plays an important role for the recognition and handling of side effects 4 as well as for the avoidance of interactions related to poly-pharmacy. 5, 6 In addition, knowledge about one's own disease and its treatment is an important positive factor related to health literacy. [7] [8] [9] The knowledge of patients about antibiotics is of special relevance owing to the increasing health threat of antibiotic resistances. 10 Both, an interruption of the antibiotic therapy too early as well as intake too frequently can lead to bacterial resistances. 11 Moreover, the medication with antibiotics may be dangerous if the patients do not know the side effects and interactions and, therefore, do not react adequately. 12, 13 The special Eurobarometer 2010 report on antimicrobial resistance included a survey on the knowledge about antibiotics of Europeans. Together with Bulgaria, Romania, Portugal and Hungary, Austria was ranked at the end of the EU27 countries. 14 Based on these results, it was the aim of this study to identify and analyse possible predictors for this alarming outcome for the Austrian population by assessing demographic characteristics of patients and general practitioners (GPs). Because health literacy is a multifactorial concept, individual and system-level factors were taken into account to be able to act after exploring the factors relevant for good or bad health literacy. Especially, the 'context' and 'time' dimensions(9) p.5 as preconditions for a good health literacy of a person point into the direction of the importance of general practice with its core competencies of patient-centred care and continuity of care 15 as one of the key settings for a possible improvement of health literacy.
Moreover, it was an objective to assess the source of information related to antibiotics.
Methods

Design
Within the context of the European APRES study 16 an additional 12-item questionnaire was developed with six knowledge questions about antibiotics, five questions about demographic data and one question asking for the source of information. The cross-sectional study lasted from November 2010 till July 2011 and took place in 20 general practices distributed all over Austria. The GPs were recruited via several electronic invitations through the Austrian Society of General Practice, 17 the research network of the Department of General Practice at the Medical University of Vienna 18 and personal contacts. Each GP tried to recruit 200 consecutive patients to answer the questionnaire after the completion of the informed consent form.
Following the APRES study protocol the exclusion criteria were patients with infections or symptoms of an infectious disease, patients treated with antibiotics within the past 3 months, patients with terminal diseases, patients with immunosuppressive diseases or treatments, hospitalization within the past 3 months and patients living in a nursing home.
The minimum age of patients was 12 years. Until the age of 18, special informed consent forms for children were prepared and, additionally, one of the parents had to complete an informed consent form too.
Questionnaire
Four out of the six knowledge questions were identical with those used in the Eurobarometer 2010 report on antimicrobial resistance. 14 In addition, two questions were added: the reason for the inclusion of these two questions was that the existing knowledge questionnaire offered the opportunity for further observations. We included these two questions as a pilot to test the gender dimensions related to sex and sexuality-specific knowledge about antibiotics, especially, in relation to the demographic factors of the GPs and the source of information. Moreover, we wanted to explore the knowledge in a field where the current evidence is conflicting like it is with the intake of antibiotics and its consequences for the effectiveness of the oral contraceptive pill. 19, 20 However, these two questions were analysed descriptively only, further calculations were conducted with the four questions already tested as it will be explained below. The questions related to the knowledge about antibiotics in the questionnaire, their source and correct answers are listed as follows: For each question, one out of three possible answers could be marked: 'yes', 'no' and 'don't know'. Later these variables were dichotomized into the categories 'correctly answered' versus all other possibilities (false answer, don't know or not answered at all). Finally, indicator variables for 'antibiotic knowledge' were built as the sum of correct answers for all six or the four Eurobarometer dichotomized variables. The five demographic data questions were developed according to the questions of the Austrian Health Interview Survey 2006-2007 21 ): the data requested were educational level, country of origin and language predominantly spoken at home. Educational level was assessed in three categories: primary education, secondary education (apprenticeship or secondary school) and tertiary education (university or any further education). Migration status was assessed with the question 'What is your country of birth?' The variable was stratified in four categories: Austria, EU27 countries as well as Norway and Switzerland (EU27+) excluding Austria, Turkey and former Yugoslavian countries excluding Slovenia and 'all other countries'. The language predominantly spoken at home was dichotomized into 'German' and 'all other languages'. Finally, the main source of information related to antibiotics was asked. One out of eight answer categories could be marked. The answer categories were the GP, internet, pharmacy, own estimation, media, friends/relatives, package insert or a specialist. This variable was stratified into four groups: package insert or own estimation, media or internet or friends/relatives, pharmacy or specialist and GP.
In addition, socio-demographic data from the original APRES questionnaires for patients and participating GPs like gender and age of the patients, gender of the GPs and location of the GP offices were used for the analyses. The location of the GP offices were dichotomized into urban area = county capital and rural area = no county capital.
Data analyses
First, the data of patients and GPs were analysed by using descriptive statistical methods. Then, the sample was described related to the correct answers of the different questions and to the resulting mean knowledge score. Statistical test were applied to compare the demographic variable subgroups: the Students t-test for independent samples as well as the Chi-Square Independency test by the means of cross-tabs were conducted. If the null hypothesis of independence was rejected, the z-test including the Bonferroni method for multiple testing was applied to learn which groups exactly were dependent. The significance level for all calculations was P < 0.05 the confidence interval 95%. SPSS Statistics 19.0 was used for this kind of statistical analyses.
The 'antibiotic knowledge score' for the four Eurobarometer questions of patients was assessed by using a query-based sum score from four yes/no questions, resulting in possible integer values from 0 to 4. Factors potentially influencing the knowledge score were sex and location (rural/urban) of their GP and sex, age, country of origin, language, educational level and source of information of the patients. Mean, median, standard deviation (SD), minimum and maximum of the relevant variables were calculated and frequency tables were calculated for the categorical variables. Linear mixed models for the knowledge score on the predictor variables were calculated. A random intercept term was included for the practitioner to account for correlations in the knowledge score between patients treated by the same practitioner. Simple models including the random effect and one fixed effect were calculated at first and the fixed effect was tested using an F-test. A multiple model was calculated including all predictors that were found significant at a level of 0.05 in the simple models. The significance of the random effect was tested with a likelihood ratio test. The resulting model included main effects only. To further account for possible interactions between factors, a stepwise forward selection was performed starting from the main-effects-only model and adding interaction terms based on an F-test with the limit to enter the model set to P = 0.05. To ease interpretation of the interactions, a profile plot was drawn for the interaction of source and education.
All these calculations were performed in the statistical computing environment R2.14.2.
Ethical considerations
The study was approved by the Ethics Committee of the Medical University Vienna (EC # 568/2010).
Results
A total of 3324 patients completed at least one of the two questionnaires (APRES questionnaire and the additional knowledge questionnaire). Eighteen of those were excluded owing to the age (<12 years) and 26 owing to the lack of the knowledge questionnaire. Therefore, the calculation took place with data from 3280 questionnaires.
The 20 participating GPs were 51.6 years old (mean; SD 4.893, range 37-59), in 30.0% women (n = 6) and in 70.0% men (n = 14).
Nine GPs had their offices in urban regions and 11 in rural regions (female 16.7% vs. male 71.4%; P = 0.038).
The patients were 48.5 years old (mean; SD 17.6 years), 56.4% (n = 1813) were women, 49.0% (n = 1581) had the primary level as highest level of education, 37.3% (n = 1203) the secondary and 13.7% (n = 442) the tertiary level of education. As country of origin, 86.0% (n = 2810) marked Austria, 6.0% (n = 197) originated from a EU27 country, 4.0% (n = 131) from Turkey or a former Yugoslavian country and 3.9% (n = 128) from all other countries; 95.7% (n = 3084) of the participants spoke predominantly German at home. Table 1 shows the distribution of the answers to the six knowledge questions. Table 2 illustrates the results in relation to the demographic variables of the patients and GPs related to the correct answers of the single question. In addition, statistically significant differences for the variable subcategories are shown.
Knowledge about antibiotics
The mean knowledge score related to all six questions was 2.78 (SD 1.69) (female 3.16 vs. male 2.27; P < 0.001), and the mean knowledge score related to the four questions included in the Eurobarometer 2010 report only was 2.07 (SD 1.22) (female 2.24 vs. male 1.84; P < 0.001).
Source of information about antibiotics
The main source of information related to antibiotics was in 55.9% (n = 1481) the GP (female 56.7% vs. male 54.9%; P > 0.05), in 27.7% (n = 734) the package insert or the own estimation (female 28.4% vs. male 26.9%; P > 0.05), in 12.8% (n = 339) media/internet/friends or relatives (female 11.5% vs. male 14.5%; P < 0.05) and in 3.6% (n = 95) the pharmacy or a specialist (female 3.4% vs. male 3.8%; P > 0.05). Significantly more patients with primary educational level marked the GP as main source of information compared with the secondary and tertiary level of education (female 63.5% vs. 55.1% vs. 35.7%; P < 0.05 and male 59.4% vs. 51.5% vs. 51.5%; P < 0.05). For the other demographic variables like country of origin and language predominantly spoken at home, there were no significant differences between the subcategories.
Mean knowledge score for the four Eurobarometer questions: linear mixed models
In the simple regression models, all patient-specific predictors were found to be significant. Of the GP-specific variables the location was found to be significant, while no significant effect of age or sex of the GP could be observed (P = 0.99 and P = 0.90, respectively). Interaction terms were found to be significant for age and language as well as education and source of information.
In the multiple model, 2455 patients with complete data for all required variables out of 3280 patients surveyed in total were included (table 3) : men had a mean score of 0.34 points lower than women and the mean score for patients consulting a GP working at a rural site was on average reduced by 0.26 points. Patients from Turkey and former Yugoslavia showed a mean knowledge score $0.3 points lower than patients from other countries; there were no significant differences between these other countries. The mean knowledge score for non-German speakers was smaller than for German speakers; however, this effect is moderated by the interaction with age. While the knowledge score was slightly decreasing for German speakers with increasing age only, it increased on average by 0.023 points per year for non-German speakers. The knowledge score increased almost linearly with an increasing educational level, adding $0.4-0.5 knowledge points for each additional educational level. Patients drawing their information about antibiotics from package insert/own estimation or media/ internet/friends/relatives tended to get higher scores than patients that got their information from the GP. However, in the group of patients drawing information from pharmacy/specialist, an increase in educational level from primary to secondary showed almost no gain in knowledge, while a further increase to tertiary education resulted in a mean knowledge score clearly above that of the other information groups at tertiary educational level. This interaction between source of information and education is most easily interpreted by using the profile plot shown in figure 1 . It shows the mean values for each combination of source of information and educational level. Additionally, the GP-specific random effect was found to be significant (P < 0.0001) in the multiple linear mixed model, which means that there is a GP-related variability in the knowledge of the patients, which is not explained by the demographic factors alone.
Discussion
Knowledge about antibiotics
Although the low knowledge about antibiotics in Austria shown in the Eurobarometer 2010 report could be confirmed, 14 important associations and predictors could be identified. Out of all six questions, 2.78 and out of the four Eurobarometer questions, 2.07 only were marked correctly on average. The knowledge about one's own treatment increases the health literacy of a population, 7 and therefore, it is not surprising that the low knowledge level about antibiotics fits to the first results of the European Health Literacy Survey. 22 It indicated that more than half of the Austrian adult population have a least a limited health literacy 23 defined as '. . . people's knowledge, motivation and competences to access, understand, appraise, and apply health information [. . .](9) p.3 '. It has to be acknowledged that this study population differs from the general population because they were recruited in general practices, which implies that the results neither can be generalized nor compared with population-based studies without caution.
However, by looking at the answers given to each of the questions (table 1) , it is especially noticeable that the knowledge about the therapeutic spectrum related to viruses is weak in Austria (28.1% correct answers to the first question and 32.0% to the second question). A study conducted in Britain showed a low knowledge about the Figure 1 Profile plot for the interaction of source of information and educational level effectiveness of antibiotics too; however, compared with the Austrian findings, the knowledge related to the effectiveness of antibiotics on colds and cough was high in the UK with 62% correct answers. 24 The majority of patients thought to know the correct answer because only 18% marked 'not known', in contrast to the sexspecific questions number four and six where the majority of the patients marked 'not known' (49.2 and 59.3%). Interestingly, a good knowledge existed for the question related to antibiotic resistances with 74.1%. This result is comparable with a British study where 79% of the participants knew the correct answer to this question. 24 Although the link between antibiotic use and antibiotic resistance seems to be well-known, the underlying concept and understanding by patients of the term 'resistance' is misleading: most patients think that resistance is a property of the human body instead of the bacterial cells. 25 It could be assumed that this misinterpretation avoids the logic link between the knowledge about the dangers of spreading antibiotic resistances and the knowledge that antibiotics are effective against bacteria instead of viruses.
The analysis of the socio-demographic factors showed four main factors: education, language, age and sex. The most dominant factor for significant differences in the knowledge for the single questions as well as for the overall knowledge score was the educational level (tables 2 and 3). Especially for the two questions related to the therapeutic spectrum of antibiotics, each additional educational level was associated with a significantly increased rate of correct answers (19.3% vs. 35.6% vs. 59.2%). This finding is supported by a study conducted in the USA where the researchers recommended more health education at the college level. 26 In addition, a study of McNulty et al showed that a lack of formal qualifications increased incorrect responses. 24 
Source of information
GPs are the main source of antibiotic information for patients, especially for lower-educated persons-persons that need the information most. By comparing the knowledge score of patients having their information mainly from GPs with that from other sources no large differences could be observed, especially, for persons with primary educational level only (figure 1). Persons obtaining their information from specialists or the pharmacy had the lowest knowledge score except persons with tertiary educational level; they had the best knowledge score. Altogether, the findings indicate that it was less important from where the patients got their information than what was their highest educational level. However, the majority of participants marked GPs as main source of information, which implies the important role of GPs in health education for their patient population.
Strengths and limitations
The strengths of the present study were the large sample size and the similarity of the sample with the Austrian population in regard to sex, age and educational level. However, this still does not mean that the population of practice attendees is really comparable because it has been recruited in general practices. These people may have a different level of knowledge and attitudes towards health than the general population. One major methodological drawback is the fact that this study is cross-sectional and, therefore, of limited explanatory power. Furthermore, results are based on descriptive and self-reported survey data. Other limitations were the recruitment strategy of GPs and patients and the fact that the questionnaire was available in German only. It may be speculated that mainly GPs and patients interested in the topic of antibiotic resistance participated in the study, which might have overestimated the real knowledge about antibiotics.
Lastly, the fact that the source of information was surveyed at general practices could have led to an overrepresentation of persons that marked the GP as main source of information.
However, these results give hints for future approaches how to improve the situation: successful strategies have to tackle and include not only the individual but also the system level by improving the context in which the persons live starting with active community participation. 27, 28 The aim would be to make health literacy as easily achievable as possible. This can be best accomplished with the 'health in all policy' approach because the political responsibility for the social determinants of health mainly is outside the reach of the health care system. 29 Relevant settings at the system level to strengthen the knowledge and action related to antibiotics could be the educational sector and the primary health care system with the help of the social-welfare and communication technology sector: for example, this study showed that GPs are an important source of information for the antibiotic knowledge of patients; this should be used and supported as key setting in a multifaceted way. One example could be to strengthen the person-centred care design by inventing and implementing picture-based or computer-tailored counselling programmes and instructions or tailored communication strategies and educational programmes for the target groups with the most needs like elderly, low educated or non-German speaking patients. 30 But it has to be acknowledged on the system level, too, that highquality primary care, counselling and communication requires time and resources, 31, 32 which should be acknowledged in organization, planning and financing of health care. 33 In addition, structural changes like facilitating primary health care teams that can share and extend their tasks would be of value to account for the extra time needed. Moreover, the morbidity, dispensing and local resistance data of their practices 34 should be systematically collected and be available for their own knowledge. This is not yet accomplished in Austria.
Additionally, evidence informed programmes and strategies to decrease gender-stereotypical role behaviour as well as obligatory health education starting already in the elementary schools will be necessary to strengthen the health literacy of the Austrian population.
A health in all policies approach is needed because many sectors relevant to strengthen the health literacy of the population like the education or communication technology sector are out of reach of the health care system.
